ABSTRACT
RESEARCH THESIS
In order to evaluate the performance of business processes, a technique is needed to calculate KPIs during the process design. Such a technique needs to enhance existing methods of process simulation. A valid service architecture enables the calculation of KPIs on the fly during the process simulation. The purpose of this approach is the construction of a solution which facilitates the calculation of individual key performance indicators.
KPI BASED PROCESS CONTROLLING
Often a generic set of key performance indicators misses specific indicators that match to the selected process (9, 75) . Key performance indicators could be derived from business process goals (9, 75) . The derivation of KPIs is structured, compared to the re-engineering itself. Known from the design of IS, re-engineering can be difficult (27, 313) .
Measurement and improvement are big challenges in the field of performance management (1, 513) . To find critical KPIs of the improvement purpose, an optimization problem must be solved due to calculations (1, 514) . Simulation would be used to measure values of key performance indicators like cycle time, output or efficiency (20, 3) . The system of key performance indicators is a complex statistical model which has to be understood before the process might be changed (2, 245) . However, the relations within the statistical model are a subject of investigation. These dependencies are not understood, because the effects within the process model are wide and(sometimes) unpredictable.
Even if mathematical analysis models are important to measure the performance in experiments, they do not have received much attention in business process re-engineering and therefore, this area needs further development as Gunasekaran explained (6, 2533).
RELATED WORK
The concentration on processes could improve business success. The economic claims on successful processes are well elaborated. In 1993 Hammer and Champy wrote their publication about re-engineering the corporation (7) . They concentrate their statements on the restructuring of business which also affects the redesign of process models. Their purposes have to be considered during modern designs of process models. In the same year, Davenport wrote his work on process innovation (2) . This work also focuses on business-related demands in processes.
In order to derive an economic successful design of a process, its model has to be analysed. The analysis of process models by simulations was the topic of a multiple publication, e.g. by Hlupic et al., Silva and Chaix, Vergidis et.al, Lin et al. or Tan et. al. (8) , (20) , (25) , (16) , (22) .
Economic analysis of processes needs to focus on key performance indicators. KPIs and their usage during process analysis was investigated by Van der Aalst and van Dongen ( (24) (21)) for example. Furthermore, Vom Brocke presented a publication on value-oriented process modelling which approaches the integration of financial aspects (26) .
Some publications relate aspects of the design of simulation approaches. Prior researches of Tan et al. ((22) or Kuhlen and Speck ((13)) describe valid procedures to perform simulations. These approaches also focus on the construction of a software solution in general, in order to perform simulations.
ANALYSIS

CONCEPTS OF KPI-BASED APPROACHES
In practices, multiple companies engage in business process re-engineering initiatives. Reengineering is defined by Hammer and Champy to be a fundamental and radical redesign of business processes to achieve dramatic improvements contemporary measures of performance (7, 32) . This definition emphasizes the mean performance measures have on radical business improvements.
Organizations seek to plan and control their work by the application of key performance indicators. Companies and their consultants endeavoured to establish a standard for process management maturity (3, 6) .
With the help of a performance measurement standard, organizations can control their reengineering initiatives to determine if their investments in the process are valuable (3, 3) .
In practice, the KPI system to calculate the return on investment is well known. This common ROI-system has been used in multiple different businesses. However, this system is often not adapted on the specific business case and not used in practices of business process modelling. It is meaningful to establish an own set of key performance indicators for each process type (20, 3) .
A detailed evaluation is needed, to identify a valid set of key performance indicators for each core process (20, 3) .
Regularly, the installation and utilisation of a set of key performance indicators is an exercise of the controlling. In this context, Speck et al. defined the tasks of monitoring and controlling to be the documentation, analysis and adjustment of business processes (28, 2) .
The application of key performance indicators during the design of new business processes is hardly connected to the field of process simulation. In fact, simulations empower organizations to predict the impact, changes have on the overall performance. Process simulation revolutionises the way of thinking, merging business and IT (20, 9) .
To express and differentiate impacts, performance indicators are needed. A calculation of such indicators during simulations needs to consider multiple aspects, like the prescriptions of the process model, the relationship between a network of KPIs and the experience of the organization (expressed in data of parameters). The simulation must consider the business progression of the organization to reproduce daily work of the company.
In practice, some barriers exist which hinder the application of a simulation. At first, the processes which are objects of interest in a re-engineering initiative could be complex and that's why managing (like simulating) of those is difficult (7, 16) . Secondly, the relationship between performance indicators is also an object of consideration which could not be defined completely independent from process model. Multiple correlations of key performance indicators are unknown during the design of a process. For example, the correlation of requirements size (measured in function points) to the expected instance duration time is an important topic of own investigations. Such a performance strongly depends on the underlying model. As required by Vergidis, performance evaluations need to be integrated in the process design from the beginning (25, 12) . Thirdly if data is incomplete, some relations and connections within the model could be lost (4, 3) .
Key performance indicators have to be considered systematically during the analysis of a process. Their implementation in the process model gives the possibility to investigate a mathematical model of constraints. Having a connection between such a model and the process, enhances the possibilities to optimize both aspects: the system of performance indicators (and their relation) as far as the business constraints which are defined in the process model. To make the model applicable, it has to be implemented within a simulation approach. This makes it possible to measure the performance repeatedly to control whether the process is on track (6, 2539).
SYSTEMATIC KEY PERFORMANCE INDICATORS
A set of key performance indicators could facilitate a systematic discussion as well as the analysis of organization processes. Most notably, business values are not considered structurally (26, 2) . Business process models could be divided in multiple levels to describe the progression of value creation through the interaction of people and artefacts (17, 1) . This model of interactions in combination with the state of the environment prescribes the performance of key business values. During the business process re-engineering, we seek to optimize the process, for example, by reducing its costs or optimizing another KPI (2, 6). The optimization of key performance indicators becomes the target of the BPR initiative. By having a system based on key performance indicators, it might be possible to derive sensible changes easier, to realize the required success.
A systematic approach to analyse organisations is process simulation. A simulation consists of model construction and execution, the analysis of performance and the evaluation of costeffective alternative scenarios (20, 6) .
The application of structured performance measurements facilitates an automated business process optimization (25, 8) . A system of key performance indicators which are interconnected with the process model could become the key of success in business process re-engineering. It gives the re-engineering a clear, reachable target and it helps to understand the way, how to reach the performance target. Prerequisite is aggregated economic process data (available in key performance indicators) to judge the profitability of process design (26, 9) . Organizations need to assess their current situation before efficient changes are possible (20, 1 ).
An established system of key performance indicators simplifies the job of management. Management has to identify critical KPIs which need to be improved together with target values (1, 512) .
Making use of a system of key performance indicators connected with the process model is a promising attempt. It promises to allow advanced scenario analyses (20, 7) . Using the system of scenarios allows to test the impact of multiple different strategies on the profitability. It enhances the formulation of an ideal strategy which allows the organization to achieve an optimal constellation of values in the key performance indicators.
DESIGN OF A KPI SERVICE ARCHITECTURE TO ENHANCE THE PROCESS ANALYSIS STUDIO (PAS)
SYSTEM OF SCENARIOS
Scenarios express possible constellations of situations which might happen in the future. They could be expressed as a set of key performance indicators.
Scenarios might help to find optimal constellations of parameters. The design of parameters has to facilitate the analysis, to find the fittest scenarios by comparing them. Scenarios help to test the impact of changes in the environment (the processes) on the behaviour of a system (also an organization).
To aid business process re-engineering initiatives, a systematic approach is needed. This systematic approach allows deriving new scenarios automatically.
To systematize scenarios, attributes need to be distinguished in such attributes which describe the scenario itself (parameters) and such attributes which contain the output of the scenarios after its execution (key performance indicators). The general approach consists of changing parameters in the model, execute the simulation and analyse the achieved result (20, 8) . By the repetition of such procedures of manipulation, simulation and value analysis (MSA-Investigation), multiple scenarios could be tested and compared. The use of a simulation facilitates the decision-making process to predict the impact of further changes (20, 4) . A common use case of such an investigation could be the comparison of costs and risks in different strategies, in order to aid management (1, 520).
The adaption of the scenarios-concept within the process analysis introduces an iterative analysis ((2, 146)) of multiple different scenarios.Multiple experiments would be executed to find the best constellation of parameters (20, 7) .
Using scenarios could facilitate the business process re-engineering initiative, so that weaknesses within the process can be detected. To use scenarios within the analysis, the concept needs to be applied on the process model. Therefore, an object is necessary, to contain scenarios within the analysis. This object needs operations to derive scenarios, check whether scenarios already exist (equals) and to prove the scenario (execute).
REQUIREMENTS ON A GENERAL APPROACH
To facilitate process analysis, an approach is necessary to consider scenarios in the simulation. The application of simulation is sensible to reduce risks within the business process reengineering (8, 1363) . The adaption of simulation techniques needs to express the impact, process changes might have on systems (organizations) behaviour. A new approach which allows the calculation of scenarios in the process simulation, ought to fulfil multiple requirements. A good, structured method might be useful to analyse business processes (19, 32) . Important requirements on a solution to facilitate process analysis need to be derived from the procedure of process analysis itself.
Lin et al. explained, that only if people have a good understanding about the structure and performance of a process, they know which factors account for which results (16, 1775) . This limits the analysis on those people who have necessary knowledge on the process. The process often predicts possible achievable results. This results could be determined without much knowledge on the process. It would be possible to simplify the information about in-and output on simple process variables which could be used by everyone in the management.
Requirements on an approach are related to the need for input data, the integration of the approach into the simulation and on its obtained results. Baseline data is needed to express the current situation within the analysis (2, 138). Often, a system of key performance indicators (multiple indicators decomposed in metrics) is strongly connected to its process (to measure) and so, slight modifications of the process require changes in the KPI -model (9, 81). To facilitate changes of the underlying process model (within process analysis exercise) this issue should be addressed with a new approach.
A new approach needs to allow the measurement of the result for specific KPIs . Business process improvement should achieve enterprise-wide goals which often means that after an improvement, target values match the expectations (9, 75).
During different simulations, the parameters which should be changed, must be specified. Therefore, the approach needs to distinguish ceteris paribus parameters.
Furthermore, it is necessary to determine a calculation procedure to assess key performance indicators. This calculation method must be able to use the values of other key performance indicators. This leads to a higher level system of indicators. However, it also requires an environment which has to deal with situations if new process variables are introduced and used without a prior initialization. To simplify the approach, parameters should be initialized if they are used for the first time.
The introduction of a lazy-initialization (initialization only if the value is needed) has advantages and disadvantages. One of the disadvantages regards to the stability of calculated values. Process variables need to be calculated iteratively. A repetition of calculation has to lead to (situation-) adapted results. On the other side, process variables need to be stable within a simulation cycle. 7 The right degree of stability differs between process variables. It depends on the variable and the aim of investigation. The approach needs a possibility to define the right stability for key performance indicators.
Furthermore, the approach should allow a fast calculation of key performance indicators. It might be positive if process variables which are unnecessary are not calculated every time (lazy initialization). On the other hand, this approach requires a fast calculation at access time.
Process performance measurement is a necessity for modern process-oriented organizations (9, 82) . ' To fulfil the above-mentioned requirements, it is necessary to start designing abstract classes. Therefore, a formal definition of the above mentioned Process Variable, Key Performance Indicator and Parameter are needed. These abstract classes can be used in the underlying application model. They should be integrated in the construction of reports, e.g. The last step consists of the implementation of concrete variables.
Normally, process performance measurement itself does not show which action is needed to improve the process (9, 82). However, the construction of scenarios helps to find optimal constellations of parameters. This may simplify the achievement of the target (optimal-) parameters. Therefore, the new approach needs to aid the formulation of a process vision, as Davenport explained, to set new targets (2, 127).
CONCEPT OF A SOUND STRUCTURE
In order to investigate the success of a business model, properties of its process have to be analysed (23, 8) . As explained by Hammer and Champy, companies which aim for radical improvements, scrutinise the whole structure of their business model (7, 4) . What business needs to undertake hereof, might be individual. To enhance process analysis, it is therefore necessary to analyse individual key performance indicators.
The definition of a process needs to be connected directly to the definition of key performance indicators. The KPIs must be assessed while the business model becomes parsed (11) . To analyse the impact of changes (as a result of business investigations), simulations need to be repeated frequently (13) . In the analysis, the division of KPIs should match the economic need (11) .
KPIs enhance comparing multiple process versions, in order to judge on their profitability (12) . Management would be guided due to the link of process and strategy by key performance indicators (14) .
To realize a solution, we designed a model of operation to deal with KPIs . This design fits to the model of PAS . However, the business model of PAS also needs to consider some conventions.
Key performance indicators have no relation to concrete or singular objects. However, they could be assigned to classes of objects. We need to introduce a convention so that each 1:N relation is solely being located at the targeting object. Therefore, we do not store lists at entities.
During a simulation, instances are processed through activities (vertexes) in PAS (14) . To simplify the access on KPIs and their values, all objects which might carry KPIs need to extend the PAS Object class. For each PAS Object (based on its type) special KPIs could be defined. An overview of the KPI object model is given in the figure 1. KPIs of the process model itself, might be related to actors (salary, worked hours, hours of absence) or to vertexes (worked hours, variable costs, number of operations...) or any other object which defines the operational sequence. The simulation bases on actors who act and record what they were carrying out (15) . The actors operate in processes which consist of a list of flows (tuple of activities) (13) . PAS simulation framework bases on a container which stores all relevant elements of the model to enhance reports and investigations (13) . Different from our previous version of PAS (see (13) ), instead a project represents the container, together with its PAS Objects and its Process Variables (see figure1).
As we are simulating the progression in different models (15) , KPIs need to be related to different types of entities. KPIs which are related to progression elements, need to be predefined. The predefinition must be part of the application model of PAS. Progression elements emerge during the simulation. They are not a part of the process model, however, they play an important role in the simulation. KPIs might influence the behaviour of processes. In order to connect special KPIs with the business logic, pre-defined KPIs are important. However, some KPIs should be defined by the user. Furthermore, static KPIs are needed. It must be possible to value these KPIs by initiating the business process model. Individual investigations need to interrelate selected attributes, to analyse the performance (13) . During the simulation, a special service implementation needs to enable the calculation of KPIs . The calculation method creates a KPI Value for a PAS Object and a Simulation Cycle (see figure  1) . The whole simulation consists of multiple cycles (13) . First, we aim to repeat the calculation of KPIs in every simulation cycle. The calculation requires of an iteration through the objects and an iteration through the KPIs . As figure 2 shows, for each tuple of KPI and object the calculation has to be executed. The calculation differs, regarding to the type of the KPI . The procedure to perform the calculation has to be part of the business logic of PAS. KPIs which belong to the user-defined model have a generic calculation procedure. Predefined KPIs (Axiom KPIs) ought to have an individual (-predefined -) calculation procedure. However, to standardize the handling of different types of KPIs, their definition has to be distinguished from their application (calculation). Therefore, pre-defined KPIs also need a definition which could be used to assign them to other KPIs calculation procedures. In order to calculate these predefined KPIs, their calculation procedure needs to be connected to their definition. This relation of axiom KPIs to the calculation logic would be established by system identifiers. To handle the predefined KPIs, a register is needed which stores all of them. The register of Axiom KPIs needs to create a definition for each predefined KPI. At the beginning of the application, PAS needs to make sure that for each Axiom KPI a definition will be created. This enables a consistent way to calculate KPIs.
The calculation of a KPI creates a KPI Value (see figure 2 ). This KPI Value is directly associated to a PAS Object (see figure 1) . Results should be stored for each simulation cycle. If during the calculation a result of a KPI misses, (e.g. in case of combined KPIs), the missing KPI needs to be calculated first. Attention has to be given to cyclic dependencies.
In order to investigate business processes, PAS allows relating activities, actors and actions to achieve results (like instances and other progression elements) (13) .
This leads to a model of business objects which are strongly connected to each other. The calculation of KPIs has to consider these 1:N relations. The calculation of KPIs of one object, has to be able to access the KPIs of its related objects. In order to access KPIs of related objects, they need to be aggregated for all associated objects. As figure 1 shows, our calculation model provides Aggregate Functions. Each Aggregate Function serves as a KPI which also has a definition that is stored.
In order to access related KPIs , we need to use aggregate function (e.g. like sum(...), minimum(...), maximum(...), average(...), number(...)). These functions calculate a new KPI Value for a list of KPI Values.
The main challenge, regarding to Aggregate Functions, is to list the connected objects which belong to a superior object. The way how the objects are connected (especially the involved columns) is discretionary. This way needs to be stored in a relation. The algorithm in listing 1 returns a list of Model Objects. The object model, returned from listing 1, contains a list of associated types. For each type, multiple concrete objects are connected.
Listing 1: Pseudo code of an algorithm to collect all object Models which belong to a superior PASObject Listing 2: Pseudo code to illustrate the way of initiating the PASModel.
Each aggregate function has a calculation chip. This chip needs to operate on a set of PASObjects which are created by an AbstractRestrictionChip.
In order to empower the user to isolate his investigations on a special group of PASObjects, we used restriction chips. We decided that predefined restriction chips as part of the business logic would be valuable in order to aid the user and to retain him model.
In further developments, a condition would be valuable to guide the execution of calculation steps. Such a condition could also be implemented on the basis of the object model. However, its usage has to be easy for the user. Therefore, its implementation needs to provide a list of possible values for each field. This should also consider different values from enumerations 
CONCLUSION
Business process analysis needs to include the calculation of key performance indicators. KPIs need to stay in close relation to the process model. Some KPIs have to be predefined. However, the user needs to control his investigations by including own KPIs objects are strongly interrelated in the process model, aggregate functions are necessary to facilitate the access on KPIs over relations. Furthermore, static KPIs are needed, to assess values directly while the model is created. In order to empower the user to isolate his investigations on a special group of PASObjects, we used restriction chips. We decided that predefined restriction chips as part of the business logic would be valuable in order to aid the user and to retain him from the complexity of the underlying
In further developments, a condition would be valuable to guide the execution of calculation steps. Such a condition could also be implemented on the basis of the object model. However, its for the user. Therefore, its implementation needs to provide a list of possible values for each field. This should also consider different values from enumerations. Business process analysis needs to include the calculation of key performance indicators. KPIs need to stay in close relation to the process model. Some KPIs have to be predefined. However, the user needs to control his investigations by including own KPIs. Because of the fact that objects are strongly interrelated in the process model, aggregate functions are necessary to facilitate the access on KPIs over relations. Furthermore, static KPIs are needed, to assess values directly while the model is created. In this way, four types of ProcessVariables are needed. In order to empower the user to isolate his investigations on a special group of PASObjects, we used restriction chips. We decided that predefined restriction chips as part of the business logic from the complexity of the underlying
In further developments, a condition would be valuable to guide the execution of calculation steps. Such a condition could also be implemented on the basis of the object model. However, its for the user. Therefore, its implementation needs to provide a list of possible Figure 3 illustrates the interface of PAS . It shows a list of simulations which could be executed Business process analysis needs to include the calculation of key performance indicators. KPIs need to stay in close relation to the process model. Some KPIs have to be predefined. However, . Because of the fact that objects are strongly interrelated in the process model, aggregate functions are necessary to facilitate the access on KPIs over relations. Furthermore, static KPIs are needed, to assess values In this way, four types of ProcessVariables are needed.
Our investigations revealed a design of a KPI calculation model. The model allows the computation of multiple KPIs in different investigations. The design fits into a modern process analysis studio like PAS. It considers the division of application layers. If other process simulation applications seeked to implement a KPI calculation model, they could align on the presented approach. As a consequence, this paper might contribute on the discussion about how to implement a KPI-calculation approach.
The presented approach fits into all conceivable kinds of process models. However, it does not allow the calculation of all kinds of KPIs yet. In some cases, it might be imaginable that KPIs have to be calculated on the basis of conditions. The introduction of conditions is complex, for both: in the development and in the application of the solution. Certainly, the advanced calculations are imaginable (also with conditions) by editing the obtained KPIs from PAS with other tools (like Microsoft Excel). The presented approach copes the research thesis, presented in section . It demonstrates how to implement a sound solution which fulfils the thesis.
However, it could be of interest, to develop a solution to enable the calculation of KPIs based on conditions. Such an approach might base on a domain specific language, in order to enhance the possibilities for the user.
